Abstract. Circulating microRNAs (miRNAs) are promising markers for cancer diagnosis and prognosis. Numerous studies evaluating miRNAs as markers for non-small cell lung cancer (NSCLC) have been conducted in recent years; however, the majority of candidate markers proposed via individual studies were inconsistent and no marker miRNAs for the diagnosis of early stage NSCLC have been established. In the present study, miR-145, miR-20a, miR-21 and miR-223, which were previously reported as candidate diagnostic markers of NSCLC, were re-evaluated. The serum levels of these miRNAs were quantified in 56 patients with stage I-IV NSCLC using the TaqMan microRNA assays and separately compared the levels at each stage with those in 26 control patients. The level of miR-145 was significantly reduced in patients with NSCLC, regardless of clinical stage, and its level increased following tumor resection in patients with stage I-II disease. These results indicate that miR-145 is relevant as a diagnostic marker for stages I-IV NSCLC. Additionally, the levels of miR-20a and miR-21 demonstrated notable differences among patients at different clinical stages. These miRNAs distinguished patients in a number of, but not all, stages of NSCLC from cancer-free control patients. These results indicated that it is essential to analyze miRNA levels at each stage separately in order to evaluate marker miRNAs for NSCLC diagnosis.
Introduction
In 2017, lung cancer was reported as the leading cause of cancer-associated mortalities globally (1) . It has been reported that in Japan the 5-year survival rate in patients with stage IA lung cancer, who underwent resection for primary lung neoplasms in 2005, was 79.5% (2); however, it was as low as 20.0% in patients with stage IV lung cancer (2) . Currently, the most effective treatment for early stage non-small cell lung cancer (NSCLC) remains surgical resection. However, the sensitivities of chest X-rays and sputum cytology are insufficient for early diagnosis of NSCLC, and there is no effective blood marker for its accurate detection (3) . Therefore, the development of novel markers to screen for early stage NSCLC is essential to reduce the mortality rate associated with NSCLC. microRNAs (miRNAs) are primarily 21-23 nucleotide-long noncoding RNAs, which negatively regulate target mRNAs via binding to their 3'-untranslated region. miRNAs that target the mRNAs of tumor suppressor genes and oncogenes are referred to as oncomiRs and anti-oncomiRs, respectively. miRNAs located in the blood have been regarded as promising non-invasive markers for diagnosing and predicting cancer prognosis. Although numerous studies have evaluated miRNAs as candidates for NSCLC markers in recent years, the majority of candidate markers proposed via individual studies are inconsistent (4,5).
There are two major possible causes for this discordance. The first is low reproducibility in the quantification of circulating miRNAs (6) (7) (8) (9) . Each study used different platforms to quantify notably short and scarce miRNAs in the blood (10) . A major issue in quantification of circulating miRNA is that there is no internal control for serum and plasma samples (11) . The second factor is that the circulating miRNAs are a mixture of various miRNAs and in the majority of cases, each type of miRNA is not tissue specific (12) (13) (14) (15) (16) In the present study, the serum levels of four miRNAs previously reported as candidate markers of NSCLC in multiple studies were analyzed and were re-evaluated as diagnostic markers of NSCLC (17) (18) (19) . Stem-loop reverse transcription (RT)-primers and a TaqMan ® real-time polymerase chain reaction (PCR) system were used to amplify the miRNAs, and quantification was performed using cel-miR-39 as a spike-in control. A separate comparison between the serum levels in patients with stage I-II, III or IV NSCLC and the levels in the control group was performed. Furthermore, a comparison between the miRNA levels pre-and post-surgical resection in individual patients was performed.
Materials and methods
Patients and clinical specimens. The present study protocol was approved by the Ethical Committee of the Faculty of Medicine (approval no. H26-010) and the Ethical Committee of the Faculty of Health Sciences (approval no. [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] [37] [38] [39] [40] of Kyorin University (Tokyo, Japan). The serum samples used in the present study were collected between October 2014 and May 2016 at Kyorin University Hospital. Signed informed consent was obtained from all participants. Histological typing and staging of the tumors were performed according to the World Health Organization criteria (20) and the seventh edition of the Tumor-Node-Metastasis classification of malignant tumors (21), respectively. Serum samples from 26 cancer-free control group (healthy individuals or patients with cataract) and 56 patients with NSCLC were used. Table I summarizes the clinicopathological characteristics of the study subjects. The inclusion criteria for the patient sample collection were as follows: Presence of a pathological diagnosis of NSCLC and the absence of any previous lung cancer history, as well as other types of cancer. The blood samples were collected prior to any therapeutic procedures, including surgery, chemotherapy and radiotherapy. For the second examination of patients with stage I-II NSCLC, the samples were collected 6-12 months post-surgical resection. Peripheral blood was collected in VP-AS109K Vacutainer tubes (Terumo Corporation, Tokyo, Japan), incubated at room temperature for 30 min and then centrifuged at 1,500 x g for 10 min at 4˚C to separate the serum. The serum was centrifuged again at 20,000 x g for 10 min at 4˚C to remove cell debris, divided into 200 µl aliquots and stored at -80˚C until use. Hemolyzed serum samples were excluded.
RNA extraction. The cel-miR-39 RNeasy Serum/Plasma Spike-In control (5.6x10 8 molecules; Qiagen GmbH, Hilden, Germany) was added to 200 µl serum sample following the addition of QIAzol (Qiagen GmbH), and RNA was then extracted using the miRNeasy Serum/Plasma kit (Qiagen GmbH), according to the manufacturer's protocol, with a minor modification: The volume of ultra-pure H 2 O used to elute the RNA was changed to 28 µl.
Reverse transcription-quantitative PCR (RT-qPCR).
The volume of the RNA eluent was fixed rather than the amount of total RNA used per RT (22) (23) (24) Statistical analysis. The data of the present study were presented as the mean ± standard deviation. Nonparametric Mann-Whitney U or Kruskal-Wallis tests were performed to compare the demographic features between patients with NSCLC and the control group using Statcel3 software (Ohms Publishing Co., Ltd; Tokyo, Japan). A Mann-Whitney U test was used to compare miRNA levels between the patients with NSCLC and the control group. The Kruskal-Wallis and Steel-Dwass tests were used for analysis of overall group differences and for multiple comparisons, respectively. All P-values were two sided and P<0.05 was considered to indicate a statistically significant difference. Receiver operating characteristic (ROC) curves were constructed and the area under the ROC curve (AUC) was calculated to assess the performance of miR-145, miR-20a and miR-223 using JMP 13.0 software (SAS Institute, Inc., Cary, NC, USA).
Results

Comparison of miRNA serum levels between patients with stage I-II, III or IV NSCLC and control group. miR-145.
Firstly, the miRNA serum levels of patients with NSCLC were compared with the levels in the control group. The miR-145 serum level was significantly reduced in patients with NSCLC, compared with the control group (P<0.001; Fig. 1A ). Subsequently, the levels in patients with stage I-II, III or IV NSCLC were compared with levels in the control group. The serum levels in the patients in each group were significantly reduced, compared with the levels in the control group (P<0.01; Fig. 1B ). The fold change (FC) in stage I-II, III and IV NSCLC were 0.31, 0.23, and 0.46, respectively (Table II) . No significant difference in the serum levels between NSCLC stages was identified.
miR-20a.
In patients with NSCLC, the levels of miR-20a were significantly reduced, compared with the control group (P<0.05; Fig. 1C ). The miR-20a levels were significantly different among different NSCLC stages (P<0.001; Fig. 1D ). The levels were significantly reduced in patients with stages I-II and III NSCLC, compared with the control group (P<0.01 and P<0.05, respectively); however, no significant difference was identified between patients with stage IV NSCLC and the control group (Fig. 1D) . The FC in stage I-II and III NSCLC were 0.39 and 0.39, respectively (Table II) .
miR-21.
No significant difference in miR-21 levels were identified between patients with NSCLC and the control group (P=0.968; Fig. 1E ). However, the levels were significantly increased in patients with stage IV NSCLC, compared with patients with stage I-II NSCLC (P<0.01; Fig. 1F ).
miR-223. Levels of miR-223 were significantly increased in patients with NSCLC, compared with the control group (P<0.01; Fig. 1G ). No significant difference was identified between the levels in patients with stages I-II or III NSCLC and the control group; however, the levels were significantly increased in patients with stage IV NSCLC, compared with the control group. (P<0.01; Fig. 1H ). The FC in stage IV NSCLC was 2.26 (Table II) . No significant difference was observed in the serum levels between NSCLC stages.
ROC analyses of the miRNAs to distinguish patients with
NSCLC from the control group. The ROC curves of miR-145, miR-20a and miR-223 for evaluation as diagnostic markers are depicted in Fig. 2A-C . The AUCs for miR-145, miR-20a and miR-223 were 0.826 (sensitivity, 0.714, and specificity, 0.885, at the optimal cutoff point of 0.00764; Fig. 2A ), 0.658 (sensitivity, 0.589, and specificity, 0.731, at the optimal cutoff point of 0.0665; Fig. 2B ) and 0.693 (sensitivity, 0.821, and specificity, 0.520, at the optimal cutoff point of 1.304; Fig. 2C ), respectively. Furthermore, ROC analysis was performed for combinations of these miRNAs. The combination of miR-145 and miR-223 yielded the highest AUC (AUC, 0.893; sensitivity, 0.857; and specificity, 0.800; Fig. 2D ). The other combinations, including miR-145 and miR-20a, miR-20a and miR-223, and miR-145, miR-20a and miR-223, had AUCs of 0.815, 0.787 and 0.876, respectively.
Comparison of miRNA serum levels pre-and post-surgical resection. Subsequently, the miRNA levels pre-and post-tumor resection were compared in 10 patients with stage I-II NSCLC who underwent surgery. The levels of miR-145 and miR-20a were significantly increased post-resection, compared with levels pre-resection (P=0.002 and P=0.007, respectively; Fig. 3A and B, respectively). The FC of miR-145 and miR-20a were 3.00 and 2.24, respectively (Table III) . As a result, the levels of miR-145 and miR-20a post-resection were similar to the levels in the control group (P=0.120 and P=0.077, respectively). In contrast, no significant changes were observed for miR-21 and miR-223 (P=0.88 and P=0.45, respectively; Fig. 3C and D, respectively) .
Discussion
In the present study, four serum miRNAs were evaluated as markers for early diagnosis of NSCLC. The serum level of miR-145 was significantly reduced in patients with NSCLC at all stages, compared with the control group (FC, 0.23-0.46) (Table II) . These results demonstrated that serum miR-145 distinguishes patients in all stages of NSCLC from cancer-free control group, with high sensitivity and specificity. ROC analysis revealed that miR-145 demonstrated a notable AUC, indicating that among the miRNAs examined, it was the most suitable diagnostic marker for NSCLC. The decline in miR-145 levels in NSCLC observed in the present study is in agreement with a previous study, in which miR-145 expression was reduced in a number of tumor cell lines or tumor tissues, including NSCLC, and acted as an anti-oncomiR (26).
Serum miR-20a level was significantly reduced in patients with stages I-II and III NSCLC, compared with the control group, although the difference was not significant in patients with stage IV NSCLC. These results indicated that decreased levels of miR-20a were able to distinguish patients with stages I-II and III NSCLC from cancer-free control group. The majority of circulating miRNAs, except for a number of miRNAs, including miR-122, which has hepatocyte-specific expression, are broadly expressed in various normal cells (27, 28) . It is possible that miR-145 and miR-20a are released from a number of normal cells in cancer-free patients and that this release is suppressed by tumorigenesis. Similar downregulation of miRNA expression in patients with NSCLC has been observed in other studies, including miR-125a-5p, miR-25, miR-126 (23), miR-16-5p, miR-17b-5p, miR-19-3p, In contrast, the levels of miR-20a in patients with stage IV NSCLC were similar to that in the control group. Additionally, serum levels were significantly increased in patients with stage IV NSCLC, compared with patients with stage I-II NSCLC, for two miRNAs (miR-20a and miR-21; P<0.01). In these cases, the release of miRNAs from normal cells and/or tumor cells may be accelerated in the advanced stage by unknown mechanisms. It has been reported that tumor cells release excessive amounts of extracellular vesicles (EVs), which contain non-coding RNAs and DNA fragments, and function in intercellular communication between tumor cells and cells in metastatic niches (31, 32) . Therefore, increases in these miRNAs in advanced stages, compared with early stages, may be associated with the increase in EVs in circulation. Another probable cause is apoptosis or necrosis in cancerous lesions, whereby cellular RNAs may be released into circulation (14, 16) . Regardless of the reason, the results for miR-20a and miR-21 notably indicate that it is essential to analyze miRNA levels at each stage separately when evaluating candidate miRNAs as diagnostic markers. In contrast, the serum level of miR-223 was significantly increased in patients with NSCLC, compared with the control group. miR-223, alone may not be suitable as a diagnostic marker of NSCLC considering its relatively low AUC (0.693); however, it yielded a notable AUC (0.893) when used in combination with miR-145.
Comparison of miRNA levels pre-and post-surgical resection in an individual patient is an effective approach to evaluate candidate marker miRNAs (33-35) . The use of this approach in the present study confirmed the relevance of using miR-145 and miR-20a as markers for stage I-II NSCLC. Additionally, serum miR-145 and miR-20a increased following tumor removal in the majority of patients with stage I-II NSCLC (FC, 3.00 and 2.24, respectively) (Table III) . These results indicated that these miRNAs may be beneficial as tumor markers in the follow-up of patients with NSCLC, at least for those with stage I-II NSCLC. Notably, Leidinger et al (36) contradicted the idea of a general decrease in circulating miRNAs post-surgical resection of tumors. They reported that the levels of a number of plasma miRNAs peaked at 2 weeks post-tumor resection. These changes in miRNA levels post-surgery may be caused by inflammation at the surgical sites. To avoid this inflammatory effect, a second examination at 6-12 months post-resection was performed, rather than immediately following resection.
The four circulating miRNAs examined in the present study have been previously evaluated as NSCLC markers in a number of other studies (18, 23, 24, 29, 30, (37) (38) (39) (40) (41) (42) (43) (44) . The results of some of these studies are inconsistent with those of the present study. For example, a number of studies reported that circulating miR-21 increased in patients with NSCLC (6, 43, 44) , whereas other studies reported that it did not change (23, 34) . Table IV summarizes the results of associated studies with NSCLC, in which relative quantification using spike-in control or absolute quantification was performed (18, 23, 24, 29, 30, 40, 42, 44) . Table II . Serum miRNAs differentially expressed in patients with NSCLC and control subjects. Table III . Serum miRNAs differentially expressed pre-and post-surgical resection. miR-145 and Chen et al (18) for miR-145 are inconsistent with the present data. One possible explanation for the discrepancy is the difference in patient cohort included in each study. In numerous studies, miRNA levels were compared between all patients with NSCLC and control subjects, and the distribution of stages was not taken into consideration (19, 40) . As aforementioned, changes in the levels of a number of miRNAs determined in the early stages of NSCLC may not be evident in the advanced stages. Therefore, the distribution of patients with each stage may notably affect the results when evaluating miRNAs as diagnostic markers. There may also be other factors that affect serum miRNA levels. In the present study, the percentage of smokers was significantly different between the patients with NSCLC and the control group. In our preliminary study, the serum level of miR-21 decreased in healthy passive smokers (unpublished data). Therefore, patient conditions, including smoking status, may affect miRNA levels, thereby causing inconsistency among studies. In future studies, sufficient numbers of patients with uniform conditions in each stage of NSCLC are required to accurately demonstrate the clinical relevance of serum miRNAs as diagnostic markers.
Another possible cause for the discrepancy may have resulted from differences in the assays used in individual studies. RT-qPCR using the TaqMan miRNA assays, which is a gold standard in miRNA quantification, was used in the present study. Additionally, fixed volume-RNA elution was used rather than fixed weight-total RNA samples in RT due to the concentration of total RNA in the serum being too low to measure accurately and the concentration of total RNA was significantly increased in patients with NSCLC (7, 45, 46) . Furthermore, a spike-in control was used to normalize the variation in RNA extraction and as a reference for the relative quantification instead of internal controls, including U6 RNA or miR-16, due to U6 RNA being unstable in serum (47) , and miR-16 levels being significantly increased in the plasma of patients with NSCLC, compared with healthy control group (48) . However, spike-in controls cannot normalize variations caused by factors prior to RNA isolation (6, 11) . These differences in the conditions of miRNA quantification may have caused the aforementioned inconsistencies.
Recently, the usefulness of serum miRNA levels as diagnostic markers for cancer has been questioned due to numerous studies demonstrating inconsistent results in various types of cancer, including NSCLC and breast cancer (4) (5) (6) (7) (8) (9) . Therefore, the study of circulating miRNAs as cancer markers requires further validation to advance into clinical practice. Standardization in the quantification of circulating miRNAs and clarification of individual or environmental factors affecting circulating miRNA levels are required to exploit their potential (6) (7) (8) . Furthermore, the results of the present study indicated that it is essential to take care when evaluating circulating miRNAs as diagnostic markers for NSCLC due to the potentiation variation in their levels with tumor progression.
